Neurofeedback has been a powerful method for self-regulating brain activities to elicit potential ability of human mind. GABA is a major inhibitory neurotransmitter in the central nervous system. Transcranial magnetic stimulation (TMS) is a tool that can evaluate the GABAergic system within the primary motor cortex (M1) using pairedpulse stimuli, short intracortical inhibition (SICI). Herein we investigated whether neurofeedback learning using SICI enabled us to control the GABAergic system within the M1 area. Forty-five healthy subjects were randomly divided into two groups: those receiving SICI neurofeedback learning or those receiving no neurofeedback (control) learning. During both learning periods, subjects made attempts to change the size of a circle, which was altered according to the degree of SICI in the SICI neurofeedback learning group, and which was altered independent of the degree of SICI in the control learning group. Results demonstrated that the SICI neurofeedback learning group showed a significant enhancement in SICI. Moreover, this group showed a significant reduction in choice reaction time compared to the control group. Our findings indicate that humans can intrinsically control the intracortical GABAergic system within M1 and can thus improve motor behaviors by SICI neurofeedback learning. SICI neurofeedback learning is a novel and promising approach to control our neural system and potentially represents a new therapy for patients with abnormal motor symptoms caused by CNS disorders.
Introduction
The brain functions on the balance between excitatory and inhibitory activities. Due to inhibitory neurotransmittesr, such as GABA, neuronal hyper-excitation is prevented and neuronal networks are therefore stabilized in the central nervous system (Cardinali and Golombek, 1998; Hines et al., 2012; Zemankovics et al., 2013) .
The intracortical inhibitory system in human primary motor cortex (M1) can be evaluated by short intracortical inhibition (SICI) using paired-pulse transcranial magnetic stimulation (TMS) which a subthreshold conditioning stimulus is followed by a suprathreshold test stimulus at an interstimulus interval of 1-6 ms (Kujirai et al., 1993; Ziemann et al., 1996a; Ilic et al., 2002) . The SICI represents post-synaptic inhibition mediated by GABAA receptors (Ziemann et al., 1996b; Di Lazzaro et al., 2007) . Inhibitory neuronal systems in M1 play an important role in temporally and spatially accurate motor executions and inhibitions (Liepert et al., 1998; Schneider et al., 2002; Sohn et al., 2002; Sohn et al., 2003; Stinear and Byblow, 2003b, a; Buccolieri et al., 2004; Sugawara et al., 2012; Capaday et al., 2013) . Volitional suppression of finger movements during the No go task accompanied the globally enhanced SICI (Sohn et al., 2002) . Increased SICI enabled a clear temporal resolution of specific activity by suppressing undesirable activities of muscles at the appropriate timing during voluntary finger movements (Stinear and Byblow, 2003b) . Imagery of motion suppression also modulates corticospinal excitability and membrane excitability (Sohn et al., 2003; Stinear and Byblow, 2003a) . In a process of skill learning, inhibitory networks are also modulated. Repetitive task of the finger movements with specific muscle activation induced an enhancement of SICI of the non-targeted muscle in M1 p. 6 (Liepert et al., 1998; Sugawara et al., 2012) . While those previous studies showed SICI modulation related to motor task, it has not been clarified whether a SICI enhancement could be induced by mental strategy independent on motor task and it could improve our motor behavior.
Recently, neurofeedback has served as a powerful method for self-regulating brain activities. Subjects can learn to regulate a targeted brain activity based on realtime information provided by electroencephalography (EEG) recordings (Tan et al., 2009; Arani et al., 2010; Arnold et al., 2013; Ogrim and Hestad, 2013; Sreedharan et al., 2013; Zotev et al., 2014) , fMRI (Weiskopf, 2012; Stoeckel et al., 2014; Zotev et al., 2014) , and functional Near-infrared Spectroscopy (fNIRS) (Naseer and Hong, 2015; Thibault et al., 2015) . The neural mechanism of neurofeedback has been proposed to involve operant conditioning and reinforcement learning (Gruzelier and Egner, 2005; Levesque et al., 2006; Ros et al., 2013) . This can result in the ability to alter related behavior and cognitive function to a targeted brain activity (Keizer et al., 2010; Zoefel et al., 2011; Ros et al., 2013; Stoeckel et al., 2014) .
As far as we know, there is only one report of neurofeedback method using TMS (Majid et al., 2015) . They reported that the subjects could establish an effective mental strategy to reduce MEP amplitudes of a specific finger muscle by a neurofeedback using TMS, suggesting that the mental strategies acquired in the neurofeedback may help inhibitory control to suppress movement (Majid et al., 2015) .
We considered that it may also be an effective method to enhance inhibitory motor control if mental strategies to enhance SICI could be established by neurofeedback.
Deficits in the GABAergic system are associated with various motor and cognitive disorders such as Huntington disease (Pinborg et al., 2001) , primary dystonia (Garibotto et al., 2011) , ischemic stroke (Heiss et al., 2004) , vascular parkinsonism (Ihara et al., 2007) , epilepsy (Galanopoulou, 2010) , schizophrenia (Lewis et al., 2005) , autism (Fatemi et al., 2009 ) and major depressive disorder (Luscher and Shen, 2011; Luscher et al., 2011a) . However, pharmacological therapies to extrinsically enhance or reduce the GABAergic system are not always sufficient in ameliorating symptoms (Doggett, 2004; Kalia et al., 2013; Frank, 2014; Pilleri and Antonini, 2015; Walker et al., 2015) . Approaches that target GABAergic neurons still have therapeutic potential (Rudolph and Mohler, 2014; Braat and Kooy, 2015) .
Herein we investigated whether intrinsic learning could be used to self-regulate a GABAergic system within M1 by neurofeedback learning based on SICI in healthy subjects. We hypothesized that neurofeedback learning to enhance SICI would be possible by an effective mental strategy and that it would enable us to improve our motor performance to require selective activation and inhibition of finger muscles. The main outcome measure was the degrees of SICI, and the secondary measures were corticospinal excitability, and basic motor behaviors such as choice reaction time and pinch force. 
Experimental Procedures

Subjects
Forty-six healthy subjects were recruited in the study using the Web advertisement of Kyoto University (URL: http://www.s-coop.net/service/arbeit/). Inclusion criteria was no history of chronic or acute neurological, psychiatric, or medical diseases; no family history of epilepsy; no present pregnancy; no cardiac pacemaker; no previous surgery involving implants (aneurysm clips and brain or spinal electrodes), and absence of acute or chronic medication or drug intake according to safety guidelines of TMS (Wassermann, 1998; Rossi et al., 2009) . Based on the consideration of inclusion criteria, one volunteer was excluded and only 45 healthy individuals (fifteen women and 30 men) aged 20-40 years [mean ± standard deviation (SD), 24.2 ± 4.9 years] participated in the study. The sample size was determined for detecting the effect of neurofeedback learning according to the previous reports (Ogrim and Hestad, 2013 , n = 32, effect size, d = 1.1; Sokhadze et al., 2014, n = 42, partial eta squared = 0.11). All subjects were right-handed in accordance with the Edinburgh Handedness Inventory (Oldfield, 1971 ). Santeku Co., Osaka, Japan). We selected the right M1 hand area of the non-dominant hemisphere as a target site of neurofeedback learning. Due to dexterity, it is expected that the non-dominant hand might have room for motor learning and functional enhancement (Waldron and Anton, 1995) . There are functional differences between both hemispheres in motor control. The motor processing of the right hemisphere is rather mediated by sensory information representing an external environment, whereas that of the left hemisphere is guided by internal motor representations (Serrien et al., 2006) . We considered that the right M1 might be more easily modulated by the external feedback signal.
Subjects were comfortably seated in an armchair. TMS was given using a flat and figure-of-eight magnetic coil (outer diameter of each wing, 9 cm). Magstim 200 magnetic stimulator (maximum output intensity 2.0 T; Magstim, Whitland, Dyfed, UK) was used to stimulate M1. The coil was held tangentially to the scalp with the handle pointing backwards and at 45° lateral away from the midline for the induced current to flow in a posterior to anterior direction. The optimal scalp positions for the induction of the motor response for the left FDI muscle were determined for each subject.
Active motor threshold (aMT) was defined as the minimal stimulus intensity required to produce motor evoked potentials (MEPs) with a peak-to-peak amplitude of >150 µV in 5 of 10 consecutive trials in tonically contracting muscles at approximately 20% of the maximum voluntary contraction by using online EMG monitoring (Rossini et al., 1994; Rossini et al., 2015) .
To assess corticospinal excitability, amplitudes of MEPs were measured with a fixed intensity to elicit approximately 1 mV of peak-to-peak amplitudes (stimulus p. 10 intensity, SI1mV) from both the left FDI and APB muscles during rest. The peak-to-peak amplitudes of MEPs were measured and averaged for each subject.
The M1 intracortical inhibitory system was assessed by MEP amplitudes from the left FDI muscle evoked by paired-pulse TMS. The paired-pulse TMS comprised of a conditioning stimulus with an intensity of 70% aMT followed by a test stimulus with SI1mV with ISI of 3 ms (SICI3). The extent of intracortical inhibition was determined by the ratio of the amplitudes of paired test stimuli with conditioned stimuli to the amplitudes of unpaired test stimuli (SICI ratios) (Chen, 2004) . SICI ratios decrease in a correlation with increase of the conditioning stimulus intensity within a certain range and reach the plateau (Kujirai et al., 1993; Fisher et al., 2002; Rossini et al., 2015) .
Then, we chose 70% aMT as a conditioning stimulus intensity, which produced weak inhibition (approximately 0.8 SICI ratio) so that we could detect any enhancement of inhibitory activities by avoiding the flooring effect according to the previous study (Stinear and Byblow, 2003b ).
We performed continuous monitoring whether muscles were completely relaxed by visual feedback of the EMG recordings.
Interventional protocols: Neurofeedback of SICI3
Twenty-three subjects participated in the neurofeedback sessions (Neurofeedback-SICI).
The remaining twenty-two participated in the control sessions (control).
The paired-pulse TMS were each given with an interval of 5-7 s. A circle was displayed on a 20-inch monitor placed 70 cm (40° horizontal and vertical visual angles) in front of the subject. In Neurofeedback-SICI, the size of the circle was changed according to the ratio of a current conditioned MEP amplitude to the average of p. 11 consecutive 5 conditioned MEP amplitudes including a current one (a conditioned MEP amplitude = an MEP amplitude produced by test stimulus 3 ms following conditioned stimulus, Neurofeedback-SICI; Figure 1 ) using a Visual Basic program (Microsoft Visual Basic.NET). The conditioned MEP amplitude was measured from the left FDI muscle. For the first 5 paired stimuli, the size of the circle was fixed with 800 pixels of the initial diameter (D5). After sixth paired stimuli were given, the size of the circle was changed following the rule described below.
, where is the MEP amplitude produced by the k th paired pulse stimuli, is the average of a series of 5 MEP amplitudes ( −4 , −3 , … , ) and is the diameter of the circle seen on the monitor after the k th paired pulse stimuli are given. If the background raw EMG activity had exceeded 20 µV at any point within 50 msec before paired-pulse stimuli, the MEP amplitude was excluded from the above calculation (the size of the circle was not changed) and subjects were asked to be relaxed because SICI was reduced during muscle activation (Zoghi et al., 2003) . In control, the size of the circle was changed according to the surrogate data in Neurofeedback-SICI session previously performed by a different subject. Delay of the feedback was within 40 ms after the paired-pulse stimuli occurred. Neurofeedback-SICI or control lasted for 10 min and was repeated twice with a 10-min intermission. We did not measure non-conditioned test MEPs during both of the Neurofeedback-SICI and the control interventions due to a limitation of the program to produce a circle on the monitor.
During the intervention, the subjects were instructed to attempt to decrease the size of the circle on the monitor. They were not informed about the meaning of the size of the circle to avoid them from trying to respond to particular expectations of the experimenter.
Experimental paradigm
To investigate whether subjects could regulate the GABAergic system within M1, we evaluated the averaged 10 SICI ratios of the left FDI muscle in the following two conditions: intentional and non-intentional states. In the intentional state, a subject was asked to recall the intervention and attempt to decrease the size of the circle without seeing any circle on the monitor. In the non-intentional state, a subject was asked to rest without any efforts. For evaluating other electrophysiological parameters, we measured amplitudes of 10 MEPs with SI1mV of the left FDI and APB muscles in the nonintentional state. In addition, to test whether the possible effects of neurofeedback may be generalized to other body parts, we measured the averaged 10 SICI ratios of the right FDI muscle and 10 MEPs with SI1mV of the left FDI and APB muscles in the intentional state in 27 of the 45 subjects (Neurofeedback-SICI group: n=14, control group: n=13).
To evaluate basic motor behavior, we measured choice reaction times (cRTs) as a selective motor task and pinch force. For cRTs, subjects had to select one of two button and press it by using their right or left index finger according to the right and left arrows as promptly and accurately as they could. Subsequent to practice trials, data from 32 trials were gathered from each subject. The mean cRTs of the left and right fingers were calculated. Incorrect responses were excluded. The pinch force of the left p. 13
hand was assessed via a force transducer (range, 0-20 kg; diameter of contact surface area, 2 cm).
We performed the evaluation before, immediately after, and 30 min after either Neurofeedback-SICI or control (designated as the pre, post0, and post1 conditions, respectively), which took approximately 15 min. Each measurement was conducted in a random order (Figure 2 ).
Statistical analysis
The SICI ratios and the MEP amplitudes were subjected to a two-way repeatedmeasures ANOVA with Time (pre, post0 and post1) × Intervention (Neurofeedback-SICI and control) as factors in the intentional and non-intentional states.
The cRT and pinch force data were subjected to repeated-measures ANOVA with Time (pre, post0 and post1) × Intervention (Neurofeedback-SICI and control) as a factor.
To investigate whether there was a correlation between changes of SICI and cRT, correlation coefficients were calculated in the post0 and the post1 conditions.
The Greenhouse-Geisser correction was used to fit for sphericity by changing the degrees of freedom using the correction coefficient epsilon if it is appropriate. The post hoc t-test was performed with Bonferroni correction for multiple comparisons. A significance level of p < 0.05 was adopted for all comparisons. All data are represented as the mean ± SD unless otherwise indicated.
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Results
None of the subjects experienced side effects while participating in the experiments.
AMTs, other TMS parameters and the baseline data for the Neurofeedback-SICI and control groups were represented in Table. There were no significant differences between the Neurofeedback-SICI and control groups. Recording of cRT was stopped in the middle of the experiment because of the program error in four subjects. We analyzed the cRT data of the 41 subjects (Neurofeedback-SICI, n = 21; control, n = 20). 
Effects of Neurofeedback-SICI on the GABAergic system within M1
Effects of Neurofeedback-SICI on basic motor behavior
Selective motor behavior of the left hand, as measured by the cRT task, was improved in the Neurofeedback-SICI group compared to that in the control group. p. 17
Discussion
We found that the neurofeedback of SICI enabled subjects to intentionally control SICIrelated neural circuits within the M1 area. After Neurofeedback-SICI, the subjects could decrease SICI ratios when they intended to. Since previous studies suggested that SICI was mediated by post-synaptic GABAA receptors based on the time-course of inhibition (McCormick, 1989; Davies et al., 1990; Kujirai et al., 1993; Kang et al., 1994; Hanajima et al., 1998; Deisz, 1999) and pharmacological interventions (Ziemann et al., 1996b, c) , it is likely that the GABAergic system within M1 was self-regulated by learning with Neurofeedback-SICI. Furthermore, cRT was shortened in the left hand targeted by the neurofeedback learning, not in the non-targeted right hand, after
Neurofeedback-SICI compared with that after control. It supported the modulation of inhibition-related basic motor behavior as well as physiological parameters, such as SICI.
As far as we know, there is only one report of the TMS neurofeedback study showing that it was possible to establish mental strategies to reduce corticospinal excitability of a specific finger muscle (Majid et al., 2015) . While they suggested that those mental strategies might be useful in a situation to demand selective motor inhibition, they did not investigate thier effects on selective motor behavior (Majid et al., 2015) . In the present study, we have shown that mental strategies to enhance SICI by the Neurofeedback-SICI enabled the subjects to improve selection movements in the cRT task.
Inhibitory neuronal systems represented by SICI play an important role in shaping M1 output function such as movement inhibition and specific finger movements with inactivation of unrelated finger muscles (Liepert et al., 1998;  p. 18 Schneider et al., 2002; Sohn et al., 2002; Sohn et al., 2003; Stinear and Byblow, 2003b, a; Buccolieri et al., 2004; Marneweck et al., 2011; Sugawara et al., 2012; Capaday et al., 2013) . The SICI was modulated in the motor selection, inhibition and learning (Liepert et al., 1998; Sohn et al., 2002; Stinear and Byblow, 2003b; Sugawara et al., 2012) .
While the previous studies reported SICI modulation during specific movements or inhibition, the present study showed that increased SICI could improve movement selection by a mental strategy without actual action of movements nor inhibition. Since the change degree of SICIs did not linearly correlated with that of cRTs, the SICI and motion selectivity might not be directly connected.
We measured the aMTs of the right FDI muscle in 27 of the 45 subjects.
Although they seemed to have relatively high aMTs of the right FDI muscles, we found no significant difference of aMTs between the right and left FDI muscles in those 27 subjects. We confirmed that their results (n = 27) were similar to the main results (n = 45).
The proposed mechanisms of neurofeedback effects may be reward-based learning through cortical-basal ganglia brain networks (Birbaumer et al., 2013; Thibault et al., 2015) . The previous reports that dopaminergic neurons encode a prediction error in a process of instrumental conditioning which is learning a relationship between a stimulus, an action and a reinforcer determining the action (Romo and Schultz, 1990; Ljungberg et al., 1992; Schultz, 2000) . An unpredicted reward following a certain action activates dopaminergic neurons and induced plasticity to enhance a neuronal network involved in the action which brought a reward (Schultz, 2000) . Learning is established by induction of plasticity to strength neuronal circuits due to concurrent preand post-synaptic activation and a release of dopamine (Ashby et al., 2010; Sitaram et p. 19 al., 2017). Metanalysis of fMRI neurofeedback studies showed several cortices including PFC and basal ganglia were activated during the learning process (Emmert et al., 2016) . In animal studies, cortico-striatal neuroplasticity was essential for the feedback learning (Koralek et al., 2012) . In the present study, the feedback of SICI ratios might have functioned as an instrumental conditioning, where obtaining a smaller size circle was recognized as a reward. Striatal dopaminergic activities with a success trial might have induced neural plasticity specific for the GABAergic inhibitory system within M1 and the successful mental strategy might have been strengthened to produce a smaller size circle.
We found that cRTs improved in the left hand following Neurofeedback-SICI.
The behavior of choice has been found to be produced through attenuating inhibitory inputs to activated output neurons and exerting the surround inhibition of non-related neuronal activities in M1 (Reynolds and Ashby, 1999; Meynier et al., 2009; Razak and Fuzessery, 2009; van den Wildenberg et al., 2010) . Shortening motor response time was due to two functionally opposing mechanisms, increase of both corticospinal excitability to prepare fast responses and intracortical inhibition of M1 to prevent premature responses (Cohen et al., 2010; Fujiyama et al., 2012) . In this regard, the shortening of cRTs may be related to the enhanced GABAergic activities within the right M1 area. Furthermore, Neurofeedback-SICI for the left hand had an effect on the selective behavior specific for the left hand, not generalized to the right hand. The specificity might have some advantage if it is applied to treatment of focal motor deficits limited to one side of the body.
Meanwhile, the improvement in cRT was not correlated with the degree of increase in SICI in the present study. A previous report showed the positive correlation
between SICI ratios during a preparatory period and shortening reaction time of the Go task in older subjects, not in younger subjects who had shown the elevated level of corticospinal excitability all the timepoints (Fujiyama et al., 2012) . In the present study, SICI modulation seemed state-dependent. The SICI changes might have been correlated during a preparatory period of the cRT task although we did not measure it.
Furthermore, subjects in the present study were in relatively young-age and it might have made it more difficult to find a correlation. Neurofeedback learning was not always associated with behavioral modification (Fetz, 2007; Sitaram et al., 2017) . It might have exerted independent effects on the inhibitory neuronal activity and selective movements in which they get engaged. A further investigation would be needed about whether post-SICI was changed during a motor selection task after the Neurofeedback-SICI learning.
The inner-thought situations are important in demonstrating the effects of Neurofeedback-SICI. The subjects were only able to enhance GABAergic function when they intended to, with no significant changes observed in a mere rest when they did not intend to. Similarly, during the cRT task, they were able to improve their performance likely due to enhancing the GABAergic inhibitory system. Neural plasticity based on neurofeedback learning has been shown to be both selective and specific (Sur and Rubenstein, 2005) . In specific situations that demand activation of inhibitory neurons, subjects might have enhanced their GABAergic inhibitory neurons in M1. State-dependency was reported in artificially induced changes of brain activity, which could be potentiation or depression according to activity of the target brain area (Silvanto and Pascual-Leone, 2008; Dayan et al., 2013) . The effect of the SICI feedback learning might be determined not only by individual mental strategies but also by underlying M1 activity in the state to demand inhibitory neuronal networks or not. Therefore, the Neurofeedback-SICI might have enabled a state-dependent control of GABAergic function.
Dysfunction of the GABAA receptor in the motor cortical areas has been found in patients with primary dystonia, suggesting that the disinhibition of neurons produces dystonic movements (Garibotto et al., 2011) . In vascular Parkinsonism, the reduction of GABAergic receptors in the striatum is associated with gait disturbance (Ihara et al., 2007) , whereas in Huntington's disease, the reduction of GABAergic receptors is also observed in the striatum and inversely correlated with clinical state (Pinborg et al., 2001) . A mutation of GABA receptors is related to epileptogenesis and seizure occurrence due to hyperexcitation (Galanopoulou, 2010) . Pathological alterations in GABAergic tonic inhibition following stroke are related to functional recovery (Heiss et al., 2004; Hines et al., 2012) . During a development period, GABAA receptor-mediated transmission has been linked to some neurodevelopmental disorders such as autism (Fatemi et al., 2009 ). Adult-onset psychiatric diseases, including schizophrenia and depression, are also caused by the improper formation of GABAergic neuronal circuits (Lewis et al., 2005; Luscher and Shen, 2011; Luscher et al., 2011a; Marin, 2012) .
GABAergic transmission regulates neuronal plasticity by setting the inhibitoryexcitatory balance in neuronal networks (Marsden et al., 2007; Luscher et al., 2011b) .
The Neurofeedback-SICI method would therefore represent a possible treatment method for the above-mentioned neurological and psychiatric disorders.
The neurofeedback using TMS has some advantages, compared with those of other neuroimaging techniques such as EEG, MEG, fMRI and fNIRS. It has relatively high spatial and temporal resolutions and needs just a simple and inexpensive setting p. 22
without complicated calculation of recorded data. The spatial resolution of TMS with a figure-eight coil can be around a few millimeters (Bolognini and Ro, 2010) , while those of EEG, MEG and fNIRS are lower, around 5 cm 2 (Nunez et al., 1994) , 10 mm 2 (Hari et al., 1988) and 1 cm 2 (Quaresima et al., 2012) , respectively. Then, it could accurately reflect the right M1 activity without mixed activities of other cortices. The temporal resolution of a single-pulse TMS is around a few milliseconds (Bolognini and Ro, 2010) , while those of fMRI and fNIRS are lower, around 5 seconds (Shmuel et al., 2007) and 0.1 -1 second (Quaresima et al., 2012) , respectively. Then, the online targeted activity could be immediately represented to the subjects in the Neurofeedback-SICI. Neurofeedback using other neuroimaging techniques needs complicated experimental settings for real-time analysis, decoding data and representing the feedback signal. The EEG and MEG data need transformation into frequency domain, decomposition into a specific frequency and feature extraction such as coherence and power spectral density (Sitaram et al., 2017) . Meanwhile, the Neurofeedback-SICI needs a simple calculation of peak-to-peak amplitudes and transformation to size of a circle on the monitor. This neurofeedback technique might be easier to apply to a clinical practice. The disadvantages of the Neurofeedback-SICI are high intra-subject variability (Rossini et al., 2015) and inability to control network activities in broad and distant brain areas unlike other neuroimaging techniques (Sitaram et al., 2017) . It needs a rather complicated preparation to determine stimulation parameters such as relatively weak intensity of conditioned stimulus and a number of stimuli to reduce variability. In order to monitor a network activity, other neuroimaging technique would be still necessary.
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Previous neurofeedback studies were difficult to prove the physiological link between the regulation of neurofeedback signal and brain neurophysiological activities (Thibault et al., 2015) . In our study however, the signal from Neurofeedback-SICI was based on physiological activities of inhibitory networks in M1, particularly related to GABAA function. Furthermore, if the state-dependent control of the GABAergic system would be possible by neurofeedback learning, it would represent a more feasible approach in patients than a pharmacological approach. Neurofeedback-SICI would therefore be clinically applicable and serve as an alternative or additional treatment.
To our knowledge, this is the first report where a new neurofeedback method targeting the GABAergic system within M1 has been developed. It represents a promising method for ameliorating abnormal positive symptoms caused by the dysfunction of inhibitory neural networks in both neurological and psychiatric patients. In the Neurofeedback-SICI intervention, the paired-pulse TMS were given with an interval of 5-7 s. A circle was displayed on a 20-inch monitor in front of the subject.
The size of the circle was changed according to the average of 5 MEP amplitudes from the left FDI muscle by test stimuli 3 ms following conditioned stimuli of TMS.
Figure 2. Experimental paradigms
The TMS evaluations were performed before, immediately after, and 30 min after the Neurofeedback-SICI or control intervention (designated as the pre, post0, and post1
conditions, respectively). Behavioral evaluations including cRT and pinch force were performed before and 30 min after the Neurofeedback-SICI or control intervention.
During the intervention, the Neurofeedback-SICI or control session lasted for 10 min and was repeated twice with a 10-mi intermission. A Choice reaction time (msec) 
